Conclusions

Concluding Remarks
In the absence of any material which has the same elemental composition as a body tissue or which is fully tissue equivalent in all of its radiation interaction characteristics, appropriate non-ideal tissue substitutes must be selected. Various factors need to be considered in making the selection.
There are practical, biologically related limits to the accurate simulation of tissues due to the variability of the elemental compositions among individuals (random), and with time both over short terms (cyclic, such as diurnal), and over long terms (systematic, due to growth, maturation, and aging). Present data on the average elemental compositions of tissues such as that in ICRP Publication 23 on Reference Man (ICRP, 1975) are inconsistent and incomplete. When a revised ICRP Publication on Reference Man and Woman appears, some of the indications of this Report may have to be modified or qualified.
Although much ingenuity has gone into the development of tissue substitutes for particular irradiation situations, elementally more accurate tissue substitutes would have a wider range of applications and be particularly suitable to low-energy photon transmis~ sion measurements and neutron dosimetry. To date, solid tissue substitutes have only contained a fraction of the required high-oxygen content, with carbon usually being used to represent the missing oxygen.
For the fabrication of phantoms there is the potential for the development of elementally more accurate tissue substitutes; one possibility is microcellular materials containing water (Debney and Wilson, 1986). The more stringent requirements for tissue substitutes to be used in ionization chambers and proportional counters appear to severely limit any prospects for the development of elementally more accurate tissue substitutes for such applications.
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The ultimate limitations to the development of fully tissue-equivalent materials include those of reproducing the correct chemical binding energies (relevant to irradiations by slow and thermal neutrons) and molecular and cellular structures [relevant to very low energy photon «10 keV) and pion irradiations].
Recommendations
(1) Users of tissue substitutes should be critical of the suitability and limitations of their materials.
(2) When a tissue substitute is used, its chemical composition should be included in all dosimetry and other measurement reports, together with statements of the purpose of the measurement, the tissue(s) simulated, the relevant radiation(s) and the energy interval(s), any scaling factors used, and the estimated accuracy with which the substitute simulates the tissue(s).
(3) Biochemical researchers should be encouraged to analyze healthy and diseased body tissues comprehensively for the more common elements (C, H, N, 0) and thereby rectify the inconsistencies in, and omissions from, the current data-bases in respect of the elemental compositions of tissues. (4) Physical researchers should be encouraged to further develop tissue substitutes, particularly those with elementally more accurate compositions and to evaluate them both theoretically and experimentally. (5) There should be a recognition that in the final analysis the need to reproduce the chemical binding energies plus the molecular structures of tissues, is a basic limitation to the development of the perfect tissue-equivalent material.
